
(19) 



0: 



European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

10.02.1999 Bulletin 1999/06 

(21) Application number: 98305482.6 

(22) Date of filing: 10.07.1 J 



(11) EP 0 896 317 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel 6: G09G 3/28 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 07.08.1997 JP 225727/97 

(71) /^plicant: HITACHI, LTD. 
Chiyoda-ku, Tokyo (JP) 

(72) Inventors: 

• Naka, Kazutaka, No. 303 Dai- 13 -yamani-haitsu 
Yokohama-Shi, Kanagawa-ken 244-0815 (JP) 



• Ohsawa, Michitaka 

Fujisawa-shi, Kanagawa-ken 251-0052 (JP) 

• Kougami, Akihiko 

Yokohama-Shi, Kanagawa-ken 245-0061 (JP) 

• Ohtaka, Hiroshi, No. 105 Kopo-shimokurata 
Yokohama-Shi, Kanagawa-ken 244-0815 (JP) 

(74) Representative: Calderbank, Thomas Roger et al 
MEWBURN ELLIS 
York House 
23 KIngsway 
London WC2B 6HP (GB) 



(54) Color image display apparatus and method 

(57) In a color image display.apparatus. assuming 
that time response characteristics of light emission by 
red, green and blue light emitting cells have values TR. 
TG and TB, the difference between the values TR and 
TG is less than that between the values TR and TB and 



that between the values TG and TB. The apparatus has 
a subfield arrangement including a portion where a tight 
emitting weight gradually decreases and a portion 
where the light emitting weight gradually increases, or 
a subfield arrangement to obtain a plurality of light emis- 
sion peaks in one field. 
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Description 

[0001] The present invention relates to a color image 
display apparatus which displays a color video image 
by controlling light emission of red (R). green (G) and 
blue (B) primary colors, and more particularly, to a color 
Image display apparatus with an excellent dynamic res- 
olution characteristic, which displays a high-quality 
moving image where color fringes at niovlng image edg- 
es are inconspicuous. 

[0002] In recent years, in place of conventional Braun 
tube (CRT) display devices, flat-panel type display de- 
vices are becoming popular These thin and light display 
panel devices, having a display panel where liquid crys- 
tal or plasma Is sealed, displays images with reduced 
image distortion, and receives reduced influence of 
earth magnetism. Among the flat-panel display devices, 
a plasma display device particularly draws public atten- 
tion as a next-generation color Image display device. 
The plasma display device is a spontaneous light emit- 
ting device, and therefore it has a wide view angle. Fur- 
ther, a large panel can be relatively easily constructed 
for this device. In this flat-panel display device, one pixel 
consists of red (R). green (G) and blue (B) light emitting 
celts. Color image display is realized by controlling the 
light emitting luminance levels of the respective light 
emitting cells. 

[0003] Further, the plasma display device or the like 
having difficulty in displaying gray scale representation 
between "light emission (turned on)" and "non light 
emission (turned off)", employs a so-called subfield 
method for displaying the gray scale representation by 
controlling the light emitting luminance levels of the re- 
spective R, G and B light emitting cells. In the subfield 
method, one field is divided into a plurality of subfields 
on a time base, then light emitting weights are uniquely 
allotted to the respective subfields, and light emission 
in the respective subfields are on/off controlled. This at- 
tains luminance gradation (or tonality) representation. 
[0004] For example, in a case where one field is di- 
vided into six subfields SFO to SF5 and light emitting 
weights in the ratios 1 : 2 : 4 : 8 : 16 : 32 are respectively 
allotted to the subfields. 64 level gradation can be rep- 
resented. At level "0", light emission is not performed in 
any of the subfields SFO to SF5. At level "63" (=1 + 2 + 
4 + 8 + 16 + 32), light emission is performed in all the 
six subfields. 

[0005] In this manner, in the color image display de- 
vice which controls the light emitting luminance levels 
of respective R, G and B light emitting cells by the sub- 
field method, the image quality of a displayed moving 
image is greatly influenced by time response character- 
istics related to light emission by the R, G and B cells 
(hereinafter may be simply referred to "light emitting re- 
sponse characteristics") and the array of light emitting 
weights allotted to the respective subfields in each field. 
[0006] The light emitting response characteristics of 
the R. G and B cells respectively indicate a light-emitting 



rise time characteristic from a point where a controller 
has instructed to start light emission to a point where 
light emitting luminance at the cell actually reaches a 
desired level, and a persistence lime characteristic after 

s the light emission instruction. Generally, if the persist- 
ence time is long, the light-emitting rise time is long. Ac- 
cordingly, the persistence time is used as a represent- 
ative characteristic of light emitting response character- 
istic. In the following description, the light emitting re- 

10 sponse characteristic is represented by the "persistence 
time" (a period from a point where the light emissbn is 
at the peak to a point where the light emission is at a 
level 1/10 of the peak). The "persistence time" includes 
the "light-emitting rise time characteristic". 

IS [0007] The operation of this color Image display de- 
vice can be ideal operation as the light emitting re- 
sponse characteristics are short, however, the light 
emitting response characteristics cannot be reduced to 
zero. Further, as the light emitting response character- 

20 istics greatly depend on physical characteristics such as 
fluorescent nnaterials used as the light emitting cells, it 
is very difficult to obtain uniform response characteris- 
tics in the R, G and B cells having different luminous 
wavelengths. For these reasons, when a moving image 

2S is displayed, the differences in time responses of the re- 
spective light emitting cells cause time lags in R, G and 
B light emission which overlap with each other, resulting 
in color shift (color fringing). The color shift appears at 
an edge portion where luminance greatly changes, e.g. . 

30 from black to white or vice versa, as a phenomenon that 
a color different from the original image color is per- 
ceived. This seriously degrades image quality in moving 
image display. 

[COOS] Herelnbelow. the process of occurrence of 
3S color fringing interference at edge portions will be de- 
scribed with reference to Fig. 3 and Figs. 4A and 4B. As 
shown in Fig. 3, a white rectangular pattern 32 on black 
background 31 is displayed on a display screen of a dis- 
play device, and the white rectangular pattem 32 is 
40 moved rightward in Fig. 3. Figs. 4A and 4B show color 
fringes occurred on the boundaries between white and 
black colors. 

[0009] Fig. 4A shows the intensities (amplitudes) in 
the respective light emitting cells. Fig. 4B shows colors 

4S displayed on the display screen. As shown in Fig. 4A, 
as the G light emitting response is slower than the R and 
B light emitting responses, the G light emitting response 
represented with the broken line is delayed from the R 
and B light emitting responses represented with the sol- 

so id lines. Thus, color fringing occurs in edge areas A and 
B. As shown in Fig. 4B, in the edge area A, a color of 
magenta (R + B) is perceived due to shortage of the am- 
plitude of G with respect to R and B. In the edge area 
B. a color of green (G) is perceived due to excess am- 

ss piitude of G. The edge area where color fringing occurs 
becomes wider as the speed of moving image increas- 
es. 

[0010] In this manner, in the white and black video sig- 



2 



3 



EP 0 896 317 A2 



4 



nal, colors not included in the original innage (magenta 
and green) are perceived depending on the motion of 
the image. This seriously degrades the image quality. 
Especially, in the plasma display device and the like, 
material having persistence time of 1 2 ms or longer is 
often used as a G light emitting cell. As the response of 
the G cell using this material is slower than the respons- 
es of R and B cells, the consequent color fringing in edge 
areas is a main factor of degradation of image quality. 
[001 1] On the other hand, in the display devices which 
displays gray scale representation by the subfleld meth- 
od, the dynamic resolution is greatty influenced by the 
array of light emitting weights for the respective sub- 
fields in each field. To prevent degradation of dynamic 
resolution, it is preferable to perform light emission, 
based on a video signal that arrives for one field, as im- 
pulses tor a very short period within each field period. 
In the CRT display devices, one field period is required 
for horizontal and vertical scan processing, however, Im- 
pulse-like light emission is made for one pixel at a par- 
ticular display screen position, in each fteU. 
[0012] However, in the gradation representation by 
the subfield method, as the video signal that arrives for 
one field is divided into a plurality of subfietds within the 
field for light emission and display, impulse light emis- 
sion cannot be made for a short period. For this reason, 
it is difficult to realize a dynamic resolution characteristic 
equivalent to that of the CRT device. 
[0013] Hereinbelow, the phenomenon where the dy- 
namic resolution is degraded in correspondence with 
the array of light emitting weights for subfields will be 
described with reference to Fig. 5, Figs. 6A and 6B and 
Figs. 7A and 78. In this case, the white rectangular pat- 
tern 32 shown in Fig. 3 is displayed by a display device 
having a subfield arrangement for 64 (level "0" to level 
"63") level representation with six subfields in Fig 5. In 
a white (level "63") pixel, light emission is performed in 
all the subfields SFO to SF5 in one field, and the ratios 
of light emissbn intensities are 16:4:1 : 2 : 8 : 32. This 
means the array of light emitting weights is made such 
that energy concentrates at the head and the end of the 
field. 

[0014] Fig. 6 shows a v-shaped angular light-emitting 
luminance distribution in a case where light emitting 
weights for the subfields are arranged such that the light 
emitting weight gradually decreases and then gradually 

increases in each of field 1 , field 2 of sequentially 

inputted video signals. In this v-shaped light emission 
type subfield arrangement, light emission most highly 
concentrates around a boundary T1 between fields, and 
intense light emission occurs at field periods. In the 
boundary T1 , light emission in the first field and that in 
the second field mix with each other. When the moving 
rectangular pattern is displayed, two images overiap 
with each other wrth a time lag therebetween as repre- 
sented with the solid line in Fig. 7A. Thus, an image with 
seriously degraded resolution is perceived. 
[0015] For example, if light emitting response time of 



the G-cell is slow, a pattern represented with the broken 
line in Fig. 7A is detected. Similar to Figs. 4A and 48, in 
edge areas A1 and A2, a color of magenta is perceived 
due to shortage of amplitude of G light emission, and in 

5 edge areas 81 and 82, a color ot green is perceived due 
to excess amplitude of G light emission. 
[0016] In this case, as the two images overiap with 
each other with a time lag therebetween, the resolution 
is degraded, and the luminance does not change 

10 abruptly. Accordingly, in comparison with the color fring- 
ing in Figs. 4A and 48, the range of interference is wider, 
while the density of false cotors (magenta and green) is 
lower. In this manner, the arrangement of light emitting 
weights for the subfields and the response characteris- 

15 tics of the R, G and 8 cells are closely related with each 
other. As the arrangement of light emitting weights for 
the subfields reduces cotor fringing Interference at edge 
portions due to the differences In light emitting response 
characteristics of the R. G and B cells, both character- 

20 tstics must be optimized so as to realize high-quality 
moving image reproduction. 

[0017] Note that the gradation representation by us- 
ing the subfield method is disclosed in Japanese Exam- 
ined Patent Publication No. 51 -32051 , for example, arid 

25 a method to reduce false contour noise characteristic of 
the subfield method is disclosed in Japanese Examined 
Patent Publication No. 4-211294. for example. 
[0018] In the above-described conventional color irn- 
age display devices, regarding the light emitting re- 

30 sponse characteristics of R, G and B cells, the image 
quality of a still image is treated as first priority. In those 
devices, fluorescent materials are selected in consider- 
ation of chromatic ity coordinates, white balance condi- 
tions and luminous efficiency and the like, however, light 

3S emitting response characteristics based on the image 
quality of a moving innage have not been considered, 
otherwise, even if considered, the light emitting re- 
sponse characteristics of the respective cells are short- 
ened as much as possible only to reduce persistence. 

40 [0019] Further, in the subfield method, the array of 
light emitting weights for subfields is determined only to 
reduce flicker or false contour interference, characteris- 
tic of this method, however, the degradation of dynamic 
resolutbn characteristic has not been considered. 

45 [0020] Further, in the conventional color image dis- 
play devices, the interactbn between the light emitting 
response characteristics of R, G and B cells and the ar- 
ray of light emitting weights (or subfields has not been 
considered. 

so [0021] Accordingly, in the above-described conven- 
tional color image display devices, when a moving im- 
age is displayed, R, G and B light emission timings shift 
from each other due to the differences in light emitting 
response characteristics of R, G and B cells. Therefore, 

55 a color not included in the original image is perceived at 
an edge portion, and the image quality is seriously de- 
graded. 

[0022] Further, even in a case where the light emitting 
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response characteristics of R, G and B cells are in- 
creased, if the arrangement of light emitting weights for 
subfields is inappropriate, the dynamic resolution char- 
acteristic cannot be innp roved. 

[0023] Generally, when one field is divided into M sub- 
fields, and light emitting weights corresponding to pow- 
ers of 2 are allotted to the subfields, gradation represen- 
tation can be made to the maximum level However, 
if light emitting weights which are not powers of 2 are 
allotted to the subfields or the subfields are divided so 
as to perform processing to remove false contour, char- 
acteristic of the subflekJ method, the number L of display 
gray scale levels for each pixel, with respect to the 
number M of the subfields, is less than 2^. That is, the 
number of subfields increases to realize the same dis- 
play gray scale level, in this manner, when the number 
of subfields has increased, light emission is dispersedly 
performed within one field, which degrades the dynamic 
resolution. 

[0024] Accordingly, the present invention seeks to ad- 
dress at least one of the problems of the above-de- 
scribed conventional techniques and to permit a color 
image display apparatus to be produced with an excel- 
lent dynamic resolution characteristic, which displays a 
high-quality moving inr)age where color fringes at mov- 
ing image edge portions are inconspicuous. The present 
invention may also permit an image display apparatus 
to be produced which attain higher quality by using the 
false-contour interference reducing method. 
[0025] The present invention provides at least one of 
the following constructions: 

(1 ) The time response characteristics of light emis- 
sion by red, green and blue light emitting cells cor- 
respond to respective red, green and blue colors. 

This construction provides a color image dis- 
play apparatus which displays a high-quality mov- 
ing image where color fringes at moving image 
edge portions are inconspicuous. 

(2) Assuming that the time response characteristics 
of light emission by red, green and blue light emit- 
ting cells have values TR, TG and TB, the difference 
between the values TR and TG is sufficiently less 
than that between the values TR and TB and that 
between the values TG and TB. 

This construction reduces the degradation of 
image quality due to color fringing and enables 
high-quality moving image display, since color fring- 
ing occurs in an inconspicuous color of blue or yel- 
low of low spectral luminous efficacy at moving im- 
age edge portions. 

(3) Light emitting weights allotted to respective sub- 
fields are arranged such that the light emitting 
weight increases from the head and the end of the 
light emitting weight array toward the center. 

This construction substantially concentrates 
light emission in a short perbd, which reduces the 
degradation of the resolution In moving image dis- 



play, and enables high-quality moving image dis- 
play. 

(4) Among a plurality of subfields. light emitting 
weights [N], [2 • N], [3 • N] .... [(K-1) ■ N], [K • N], [(k- 

5 1) • Nl [2 . N] and [N] (K. N: natural numbers) 

are albtted to 2 • K-1 upper subfields. 

This construction disperses "light emission 
changeover" when the gray scale level continuously 
changes without concentrating the light emission 

10 changeover at a particular gray scale level, thus si- 
multaneously enables acquisition of excellent dy- 
namic resolution characteristic and reduction of 
false contour interference. 

(5) Light emitting weights array for subfields are ar- 
is ranged such that light emitting luminance has two 

peaks in one field period, and time interval between 
the light emitting luminance peaks is 1/2 of the one 
field. 

This construction increases a light-emission 
20 pattern repetitive period to a period substantially 
twice of a field frequency, thus reduces flicker inter- 
ference and false contour interference. 

(6) In addition to the construction (5), the persist- 
ence time of green and red light emitting cells is sub- 

2S stantially 1/2 of the field frequency or longer than 
1/2 of the field frequency. 

This construction smoothes light emission by 
light emitting response characteristics of the light 
emitting cells, thus reduces false contour interfer- 

30 ence and displays a high-quality moving image. 

[0026] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
3S In which like reference characters designate the same 
name or similar parts throughout the figures thereof. 

Fig. 1 is a block diagram showing a color image dis- 
play apparatus according to an embodiment of the 

40 present invention; 

Fig. 2 is an explanatory view showing the structure 
of a matrix display panel 5 in Fig. 1 ; 
Fig. 3 is an explanatory view showing color fringing 
at moving image edge portions; 

45 Figs. 4A and 4B are explanatory views showing 
color fringing at moving image edge portions; 
Fig. 5 is an explanatory view showing a convention- 
al v-shaped light-emission type subfield arrange- 
ment; 

50 Figs. 6A and 6B are an explanatory view and a 
graph showing a light emitting weight array in the v- 
shaped light-emission type subfield arrangement; 
Figs. 7 A and 7B are explanatory views showing 
degradation of dynamic resolution in the v-shaped 

55 light-emission type subfield arrangement; 

Figs. 8 A and 8B are explanatory views showing 
color fringing at moving image edge portions in the 
present invention; 
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Figs. 9A and 9B are explanatory views showing the 
color fringing at moving image edge portions in a 
conventional device; 

Fig. 10 is an explanatory view showing an example 
of the subfield arrangement according to the em- 
bodiment of the present invention; 
Figs. 11 A and 11 B are an explanatory view and a 
graph showing an angular light-emission type sub- 
field arrangement in the embodiment of the present 
invention; 

Fig. 1 2 is an explanatory view showing another sub- 
field arrangement of the present invention; 
Fig, 1 3 is an explanatory view showing another sub- 
field arrangement of the present invention; 
Fig. 1 4 is an explanatory view showing another sub- 
field arrangement of the present invention; 
Fig. 1 5 is an explanatory view showing another sub- 
field arrangement of the present invention; 
Fig. 1 6 is a table showing a first light emission con- 
trol pattern; 

Fig. 17 is a table showing a second light emission 
control pattern; 

Figs, 18A and IBB are an explanatory view and a 
graph showing a light emission pattern in the sub- 
field arrangement of the preserit invention; 
Fig. 1 9 Is an explanatory view showing another sub- 
field arrangement of the display apparatus of the 
present invention; 

Fig. 20 is an explanatory view showing another sub- 
field arrangement of the display apparatus of the 
present invention; 

Fig. 21 is an explanatory view showing another sub- 
field arrangement of the display apparatus of the 
present invention; and 

Fig. 22 is an explanatory view showing another sub- 
field arrangement of the display apparatus of the 
present invention. 

[0027] Preferred embodiments of a color image dis- 
play apparatus of the present invention will now be de- 
scribed In detail in accordance with the accompanying 
drawings. 

[0028] Fig. 1 is a block diagram showing the arrange- 
ment of significant parts of the color image display ap- 
paratus according to an embodiment of the present in- 
vention, A/D converters 101 to 103 respectively convert 
R, G and B analog video signals into digital signals. A 
subfield converter 2 converts the A/D-converled digital 
signals into subfield data indicative of on/off of light 
emission in respective subfields. A subfield sequential 
converter 3 converts the subfield data represented in 
pixel units into area sequential data in subfield units. A 
frame memory 301 is a storage area provided in the sub- 
field sequential converter 3 to realize area sequential 
conversion in bit units. 

[0029] A driver 4 additionally inserts a drive pulse into 
the signal of area sequential data in subfield units, and 
outputs a voltage (or a current) to drive a matrix display 



panel 5. A controller 6 generates control signals neces- 
sary for the respective circuits based on a dot clock CK 
as timing information of the input video signal, a hori- 
zontal synchronizing signal H. a vertical synchronizing 

s signal V and the like. 

[0030] In this construction, the A/D converters 101 to 
103 respectively convert the input R. G and B video sig- 
nals into digital signals. The digital signals are based on 
general binary representation. Each bit has a weight 

10 corresponding to a power of 2. More specifically, when 
each video signal is quantized into an 8-bit signal (bO to 
b7). the least significant bit bO has a weight "1 the bit 
bl. a weight "2", the bit b2, a weight "4". The bit b7 has 
a weight "128". 

IS [0031] The subfield converter 2 converts the digital 
signals into subfield data indicative of on/off of light 
emission in the respective subfields. The subfield data 
comprises bits of Information corresponding to the 
number of subfields. If display is made with eight sub- 

20 fields, the information consists of eight bits SO to S7. 
The bit SO indicates whether or not light emission is per- 
formed at a corresponding pixel during the light emis- 
sion period of the head subfield SFO. Similarly, the bit 
information SI , 82 S7 indicate on/off of light emis- 

2S sion in the subfields SF1 , SF2, ... . S7. 

[0032] The subfield sequential converter 3 inputs the 
subfield data, and writes the data into the frame memory 
301 in pixel units. The data is area-sequentially read 
from the frame memory 301 in subfield units. That is, 

30 when the bit SO Indicative of on/off of light emission dur- 
ing the period of the subfield SFO has been read for one 
field, the bit SI indicative of on/off of light emission dur- 
ing the period of the subfield SF1 is read for one field. 
Then, similarly, the bits S2. S3, .... S7 are sequentially 

3S read. The driver 4 performs necessary signal conver- 
sbn, pulse insertion or the like for driving display devic- 
es, and drives the matrix display panel 5. 
[0033] As shown in Fig. 2, the matrix display panel 5 
has pixels 50, corresponding to the number of effective 

40 display pixels unique to the panel, arranged into matrix. 
For example, in a display panel having horizontal 640 
pixels and vertical 480 pixels, the pixels 50 are arranged 
in matrix of 640 (horizontal) 480 (vertical) pixels. Each 
pixel 50 consists of R (red), G (green) and B (blue) color 

45 light emitting cells 51 to 53. Color image display is made 
by controlling these light emission of three RGB primary 
colors. 

[0034] In the color image display apparatus of the 
present invention, the light emitting cells 51 to 53 are 

so formed by using light emitting materials such that the 
light emitting response characteristics of the R (red) and 
G (green) light emitting cells are substantially equal to 
each other in comparison with the light emitting re- 
sponse characteristic of the B (blue) cell. As one specific 

ss example, the persistence time of the green (G) light 
emitting cell 52 is 12 to 17 ms, that of the red (R) light 
emitting cell 51 is 8 to 13 ms. and that of the blue (B) 
light emitting cell 53 is 1 ms or shorter. 
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[0035] In this manner, as the R persistence time is 
substantially equal to the G persistence time, even 
though the R. G and B light emitting response charac- 
teristics do not completely coincide, the influence of 
color fringing can be reduced. Hereinbelow, this advan- ^ 
tage will be described with reference to Figs. 8A and 8B. 
[0036] Figs. 8A and SB show color fringing which oc- 
curs at edge portions when the white rectangular pattern 
on black background in Fig. 3 is displayed on the color 
image display apparatus of the present invention. As the io 
blue (B) light emitting cell has a fast light emitting re- 
sponse, a rectangular pattem represented with the solid 
line in Fig. 8A is perceived. On the other hand, as rep- 
resented with the broken line and the altemate long and 
short dashed line, the R (red) and G (green) light emit- is 
ting cells have substantially-equally delayed character- 
istics. As a result, color fringing occurs at each edge por- 
tions as a blue (= white - red - green) cotor fringe (motion 
front fringe) due to substantially-equally delayed R (red) 
and G (green) light emitting responses, and a yellow (= 20 
red + green) color fringe (motion rear fringe) due to R 
(red) and G (green) persistence. 
[00371 spectral luminous efficacy of the blue color 
fringe occurred as the front fringe is lower than the spec- 
tral luminous efficacy of the red color fringe and that of 2S 
the green color fringe, therefore, it is inconspicuous as 
interference. Further, as color fringing concentrates at 
edge portions, it occurs in a contour-type narrow area. 
In human perceptional characteristics, the color resolu- 
tion characteristic for change on a blue-yellow axis (B- 30 
Y axis) is the lowest. As the blue and yellow color fring- 
ing occur in a narrow area on edges have high resolution 
information, they are not easily detected due to the low 
resolution characteristic. 

[0038] In this manner, by constructing the light emit- 
ting cells such that the R persistence time is substan- 
tially equal to the G persistence time, even though the 
R, G and B light emitting response characteristics do not 
completely coincide, color fringing can be inconspicu- 
ous. This construction enables high-quality image dis- 
play. 

[0039] Note that in the present embodiment, the per- 
sistence time of the R light emitting cell and that of the 
G light emitting cell, having light emitting response char- 
acteristics substantially equal to each other, are longer 
than that of the B light emitting cell, however, the R per- 
sistence time and the G persistence time may be short- 
er. For example, it may be arranged such that the R per- 
sistence time and the G persistence time are 5 to 7 ms 
and the B persistence time is 10 to 15 ms. In this case, 
color fringing occurs at edge portions as a yellow (= 
white - blue) motion front fringe and blue motion rear 
fringe. Thus, the advantage similar to that in the above 
embodiment can be obtained. 

[0040] Next, for the purpose of comparison with the 
advantage of the present invention, the operation in a 
case where the light emitting cells 51 to 53 are construct- 
ed such that the R (red) and B (blue) light emitting re- 



sponse characteristics are substantially equal to each 
other, In comparison with the G (green) light emitting re- 
sponse characteristic, will be described with reference 
to Figs. 9A and 9B. More specifically, the persistence 
time of the G (green) light emitting cell 52 is 12 to 17 
ms. on the other hand, that of the R (red) light emitting 
cell 51 is 3 to 5 ms and that of the B (blue) light emitting 
cell 53 is 1 ms or shorter. 

[0041] As it is understood from the response charac- 
teristics in Figs. 9A and 9B, color fringing occurs as a 
magenta (= white - green) color fringe (motion front 
fringe) due to greatly delayed G (green) light emission 
and a green fringe (motion rear fringe) due to the G 
(green) persistence. In comparison with the response 
characteristics in Figs. 8A and 8B, the spectral luminous 
efficacy of green Is higher than that of blue and that of 
red. Accordingly the green color fringe Is conspicuous 
and It easily becomes interference. Further, the green 
and magenta color fringes both have color resolution 
characteristics close to a red-cyan axis (R-C axis) with 
the highest and sensitive color resolution characteristic. 
As the green and magenta color fringes have higher res- 
olution characteristics in comparison with those of the 
cotor fringes on the blue-yellow axis (B-Y axis), the in- 
terference is easily detected. 

[0042] As described above, in comparison with the 
case where the R and B light emitting response charac- 
teristics are substantially equal to each other, color fring- 
ing can be greatly reduced by arranging such that the R 
and G light emitting response characteristics are sub- 
stantially equal to each other. 

[0043] Further, it may be arranged such that the B and 
G light emitting response characteristics are substan- 
tially equal to each other. In this case, a cyan (= blue + 
green) or red (= white - blue - green) color fringe occurs. 
This color fringe is more conspicuous in comparison 
with the yellow and blue color fringes as shown in Figs. 
8A (a) and 8B (b). 

[0044] Ideally, the R, G and B light emitting cells have 
uniform time response characteristics, and image dis- 
play can be made without color fringing at any moving 
image edge. However, even though the R, G and B light 
emitting response characteristics do not completely co- 
incide, If at least G and B light emitting time response 
characteristics are substantially equal to each other, oc- 
curred color fringing can be inconspicuous, and high- 
quality moving image display can be performed. 
[0045] In practice, It is difficult to arrange such that the 
G and R light emitting time response characteristics are 
completely equal to each other. If the difference in light 
emitting response time between the G and R light emit- 
ting cells is less than that between the G and B light 
emitting cells, and that between the R and B light emit- 
ting cells, color fringing at each edge portion occurs as 
an almost blue or yellow fringe. This obtains the advan- 
tage of interference reduction by the present Invention. 
The time response characteristics of the light emitting 
cells are represented by using persistence time values 
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as representative characteristic values, as follows. 
[0046] Assuming that the red (R) cell persistence tinne 
is denoted by TR, the green (G) cell persistence time, 
by TG, and the blue (B) cell persistence time, by TB, the 
difference between the persistence time values TR and 
TG is sufficiently less than that between the values TB 
and TR and that between the values TB and TG. In other 
words, if the respective persistence time values TR^ TG 
and TB satisfy the following expressions, the advantage 
of color fringing reduction can be obtained. 

|TR - TG| < |TR - TBI 

and 

ITR-TGI < |TG-TB|- - 

[0047] The materials (fluorescent substances and the 
like) constructing the light emitting cells must satisfy var- 
ious basic conditbns such as chromaticity coordinates 
of RGB primary colors, white balance condition and lu- 
minous efficiencies. For moving inriage display; tn addi- 
tion to these conditions, the time response characteris- 
tics of the R, G and B light emitting cells must be uniform. 
However, in the present display apparatus, only the G 
(green) and R (red) light emitting time response charac- 
teristics are taken into consideration. Therefore, the ma- 
terials of light emitting cells can be selected from a great- 
er variety of materials. In comparison with the conven- 
tional display devices, light emitting cell materials of . 
higher luminance or higher color purity can be em- 
ployed. Thus, a higher-quality display apparatus can be 
provided. 

[0048] Further, in the plasma display device or the like 
having different light emitting principle from that of the 
CRT as a conventional display device, new fluorescent 
materials and the like must be developed. However, on 
the premise that the present invention is applied to the 
plasma display device, the materials of the light emitting 
cells can be selected from a greater variety of materials. 
Further, economic effects can be expected from the re- 
duction of material developing period and the like. 
[0049] Next, an embodiment to reduce the degrada- 
tion of resolution in moving image display by the ar- 
rangement of the light emitting weight array for the sub- 
fields will be described. The array of light emitting 
weights for the subfields is determined by the subfield 
converter 2 that on/off controls light emission in the re- 
spective subfields. 

[0050] In this embodiment, to avoid degradation of dy- 
namic resolution characteristic, the array of light emit- 
ting weights for the subfields is made as shown in Fig. 
10. In Fig. 10, array of the light emitting weights is con- 
structed to obtain angular(or a shape)light emission dis- 
tribution where the light emitting weight decreases from 
the center toward the head and end of the field by ar- 



ranging the subfield SF4 with the maximum light emit- 
ting weight (luminance) at about the center of one field. 
[0051] More specifically, in the present embodiment, 
light emitting weights 1, 4, 16, 64, 128, 32. 8 and 2 are 

5 allotted to the eight subfields SFO to SF7 in one field. All 
the light emitting weights are powers of 2, accordingly 
the order of bits in A/D converted binary data can be 
changed in correspondence with the subfield data to on/ 
off control light emission in the subfields. 

10 [0052] Figs. 11 A and 11 B show time change of light 
emitting luminance in the respective fields in display 
based on a vkJeo signal by subfield data with the array 
of light emitting weights in Fig 10. The respective fields 
have the array of light ennitting weights for angular light- 

is emission distribution as shown in Fig. 10, in which the 
light emission concentrates at about the center of the 
field (TO in Fig. 11B). In the gray scale representation 
display based on the subfield method, it is impossible 
on the principle to perform impulse light emission such 

20 that the light emitting luminance concentrates in a short 
period. However, the angular light-emission type sub- 
field arrangement enables light emission substantially 
in a short perk>d without dispersing the light emission in 
the field. 

25 [0053] Note that the array of light emitting weights for 
the subfields is not limited to that in Fig. 1 0, but any array 
of light emitting weights may be empbyed so long as it 
is an angular type arrangement where the light emissk>n 
increases from the head and the end of each field toward 

30 the center. For example, the array of light emitting 
weights in Fig. 10 may be reversed on the time base 
such that light emitting weights 2, 8, 32. 64, 16, 4 and 1 
are allotted to the subfields SFO to SF7. 
[0054] Next, another embodiment will be described 

3S with reference to Fig. 1 2, in which a subfield with a heavy 
light emitting weight is further divided into plural sub- 
fields so as to reduce false contour interference as a 
problem in moving image display based on the subfiekJ 
method. 

40 [0055] In Fig. 12, the light emitting luminance of the 
two upper subfield bits SF4 (light emitting weight - 128) 
and SF3 (light emitting weight = 64) of the array of light 
emitting weights in Fig. 10 are added and divided by 4. 
Thus, the light emitting luminance is diffused in four sub- 

45 fields respectively allotted light emitting weight 48 (= 
(128+64)/4). The array of light emitting weights for the 
subfields obtains a trapezoidal shaped light emission. 
[0056] In use of this trapezoidal light-emission type 
light emitting weight array, the same advantage as de- 

50 scribed above can be attained by arranging the sub- 
fields with the maximum light emitting luminance (SF3 
to SF6) at the center of the array, and arranging the other 
subfields such that the light emitting luminance decreas- 
es toward the head and end of the field. 

55 [0057] In this case, if light emitting weights for the sub- 
fiekis are powers of 2 as described above, in continuous 
gradation variation, so-called "light emission changeo- 
ver" which occurs at a specific gray scale level, as a phe- 
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nomenon that light emission stops in a certain subfield 
and light emission starts in the other subfields, concen- 
trates on a specific change point. This disturbs light 
emission periodicity and causes false contour Interfer- 
ence. 

[0058] For example, in the array of light emitting 
weights in Fig. 10, at the 127th gray scale level, light 
emission is performed in all the subfields except the sub- 
field SF4; at the 128th gray scale level, light emission is 
perfornned only in the subfield SF4. The light emission 
changeover concentrates at the point where the display 
gray scale level changes from' the 1 27th level to the 
128th level. 

[0059] In the embodiment described below, to effec- 
tively reduce the above-described false contour interfer- 
ence, the light emitting weights for the subfields are not 
powers of 2, but they are determined based on the fol- 
lowing three conditions. 

(1 ) The light emitting weights for the group of upper 
subfields are not powers of 2. 

(2) Let N and K be natural numbers, light emitting 
weights N. 2 • N, 3 - N. .... (K-1) - N. K • N. (K-1) • 
N, .... 2 • N and N are allotted to 2 • K-1 upper sub- 
fields. 

(3) The upper subfields are arranged such that the 
(K-1)- N subfield with the maximum light emitting lu- 
minance is at the center to obtain symmetrical an- 
gular light emission. 

[0060] In the array of light emitting weights as shown 
in Fig. 1 3, five subfields SF2 to SF6 are upper subfields. 
The light emitting weights for the upper subfields are de- 
termined, as N = 6 and K = 3, to be 6 (= N), 12 (= 2-N), 
18 (= K-N), 12 (= 2-N) and 6(= N). 
[0061] Similarly, in the array of light emitting weights 
as shown in Fig. 14, seven subfields SF1 to SF7 are 
upper subfields. In this case, light emitting weights are 
determined, as N = 3 and K = 4. Similarly in the light 
emitting weight array as shown in Fig. 15, nine subfields 
SF1 to SF9 are upper subfields. In this case, light emit- 
ting weights are determined, as N = 2 and K = 5. 
[0062] Next, description will be made on a method for 
gradation representation in use of the array of light emit- 
ting weights which are not powers of 2. and the advan- 
tage of reduction of false contour interference, with ref- 
erence to Fig. 16. Fig. 16 shows a first light emission 
control pattern for representation with respective gray 
scale levels by the subfield arrangement with the array 
of light emitting weights in Fig. 13. 
[0063] As shown in Fig. 16. representation with 5 (= 
1 +2 + 2) gray scale levels is possible by the combina- 
tion of the light emitting weights 1 , 2 and 2 for the lower 
subfields SFO, SF1 and SF7. Further, representation 
with gray scale levels of a multiple of 6 is possible in the 
upper subfields SF2, SF6, SF3, SF5 and SF4. Thus, 
continuous gradation can be represented by combining 
the upper and lower subfields. 



[0064] In the upper subfields, even if the gradation 
changes from the 6th gray scale level to the 1 2th gray 
scale level, from the 12th gray scale level to the 18th 
gray scale level, from the 18th gray scale level to the 

s 24th gray scale level. .. .. light emission is continuously 
performed at least one upper subfield over two or more 
gray scale levels. By this control, even if the gradation 
continuously changes, the above-described "light emis- 
sion changeover" can be dispersed without concentrat- 

10 ing the phenomenon at a specific gray scale level. 
[0065] In this manner, the excellent dynamic resolu- 
tion characteristic by the angular light-emission distribu- 
tion and the reduction of false contour interference can 
be simultaneously attained by arranging the subfields 

IS as shown in Figs. 13 to 15, and a high-quality image 
display apparatus can be realized. 
[0066] Note that as described in Figs. 13 to 15. the 
upper subfields are symmetrically arranged with a sub- 
field with the maximum light emitting luminance at the 

20 center In the field. For example, in the subfield arrange- 
ment in Fig. 1 3, the subfields SF3 and SF5 with light 
emitting weights 1 2. and the subfields SF2 and SF6 with 
light emitting weights 6, are arranged symmetrically, 
with the subfield SF4 with the maximum light emitting 

2S weight 18 as the central subfield. 

[0067] In this arrangement, as the subfields with the 
same light emitting weights (SF3 and SF5, and SF2 and 
SF6) are synrvnetrically arranged, even if light emission 
on/off control positions are exchanged, the same gra- 

30 dation can be represented. The light emission periodic- 
ity can be more random by changing the array of light 
emitting weights as above at field/line/pixel periods. 
This reduces false contour interference. 
[0068] More specifically a second light emission con- 

3S trol pattern as shown in Fig. 17 is prepared in addition 
to the first light emission control pattern in Fig. 16. In the 
second light emission control pattern, the subfields SF3 
and SF5 are replaced with the subfields SF2 and SF6. 
Then, the subfield converter 2 changes the respective 

40 light emission control patterns in field/line/pixel units. 
[0069] Note that the timings for changing the light 
emission control patterns are not necessarily as above, 
however, the light emission control patterns may be 
changed at each pixel in correspondence with its posl- 

45 tion. For example, in case of a checker-flag pixel matrix 
pattern, the light emission patterns may be changed at 
each white pixel position and at each black pixel posi- 
tion. Further, one light emission control pattern for white 
pixels and the other light emission control pattern for 

50 black pixels may be changed for each field. 

[0070] The above-described subfield arrangements 
of the present invention obtain angular light-emission 
distribution by arranging a subfield with the maximum 
light emitting luminance at about the center of one field 

55 period, as shown in Fig. 11. This means that a set of 
light emission having the angular tight-emission distri- 
bution is perfonmed once in one field. If a large number 
of subfields can be set within one field period, it may 
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arranged such that the angular light-emission distribu- 
tion is performed twice in one field period, as shown in 
Fig. 18. 

[0071] In the light emission distribution having two 
peaks in one field as shown in Fig. 18, the light emitting 
luminance is low around the boundary between fields. 
This arrangement reduces the problem in the conven- 
tional V-shaped light emission distribution, i.e., mixture 
of field data with that of adjacent data, similarly to the 
single-peak angular light-emission type subfield ar- 
rangement. Accordingly, the degradation of resolution 
in moving image display can be reduced. 
[0072] Further, as the inten^al between two subfields 
corresponding to the two light emission peaks Is set to 
substantially 1/2 of one field period, the interval between 
the second light emission peak in one field and the first 
light emission peak in the next field is 1/2 of the one field 
period. Thus, the light emisston distribution of the dis- 
play with the double-peak light-emission type subfield 
arrangement is substantially equivalent to display in a 
twice frequency (single-peak (angular) light-emission 
type subfield arrangement). This reduces occurrence of 
flicker. 

[0073] Further, as the plural upper subfields with high 
light enriitting luminance are divided so as to form two 
light emission peaks, the representable gradation with 
the dIvkJed subflekis (only coarse gradation by a small 
number of gray scale levels can be represented) is dis- 
played in the twice field frequency. Further, as the first 
and second peaks are obtained by substantially the 
same subfield arrangement gradation can be briefly 
represented (the maxiinum light emitting luminance is 
1/2) only by the subfield arrangement for one of these 
peaks. By this construction, light emission dispersedly 
made in the subfields in one field period is equivalent to 
light emission concentrated in a substantially 1/2 field 
period. Thus, false contour interference can be reduced. 
[0074] Further, in a case where the persistence time 
of a fluorescent substance is equal to or longer than the 
1/2 field (8.3 ms). the persistence characteristic uni- 
forms light emission in the respective subfields, thus fur- 
ther improves the advantage of reduction of false con- 
tour interference. The persistence time of the fluores- 
cent substance is preferably 1/2 or longer than one field 
in all the RGB light emitting devices, however, the above 
advantage can be greatly improved so long as the per- 
sistence time of G (green) color and that of R (red) color 
with high spectral luminous efficacy are substantially 8.3 
ms or longer 

[0075] Next, the subfield arrangements to realize the 
double-peak type light emission distribution will be de- 
scribed with reference to Figs. 1 9 to 22. 
[0076] Fig. 19 shows a subfield arrangement using 
nine subfields SFO to SF8 for display in 64 level repre- 
sentation. In this arrangement, with respect to the sub- 
fields with 6-bit (64 levels) natural binary light emitting 
weights 32, 16. 8, 4, 2 and 1 , the upper three subfields 
with the weights 32. 16 and 8 are respectively divided 



into two subfields. That is, the subfields SF2 and FS7 
are respectively allotted a light emitting weight 16 which 
is 1/2 of the light emitting weight 32; the subfields SF3 
and SF8 are respectively allotted a light emitting weight 

5 8 which is 1/2 of the light emitting weight 16; and the 
subfields SF1 and SF6 are respectively allotted a light 
emitting weight 4 which is 1/2 of the light emitting weight 
8. Further the interval between the peak of the light 
emission in the subfield SF2 and that in the subfield SF7 

10 is substantially 1/2 of one field. 

[0077] Fig. 20 shows a subfield arrangement using 
ten subfiekis SFO to SF9 for display in 80 level repre- 
sentation. 

[0078] This arrangement is based on the subfield ar- 
15 rangements in Figs. 1 3 to 1 5. The light emitting weights 
are detemnined, as N = 16, and K = 2, to be 32, 1 6, 16, 
8, 4, 2 and 1 , With respect to these light emitting weights, 
the upper three subfields with the light emitting weights 
32, 16 and 16, are respectively divided into two sub- 
20 fields. That is, the subfields SF2 and SF7 are respec- 
tively allotted a light emitting weight 16 which is 1/2 of 
the light emitting weight 32; the subfields SF1 and SF6 
are respectively allotted a light emitting weight 8 which 
is 1/2 of the light emitting weight 16; and the subfields 
2S SF3 and SF8 are respectively allotted a light emitting 
weight 8 which is 1 /2 of the light emitting weight .1 6. Sim- 
ilar to the arrangement in Fig. 19, the interval between 
the peak of light emission in the subfield SF2 and that 
in the subfield SF7 is substantially 1/2 of one field. Note 
30 that in Fig. 20, in addition to the advantage that the light 
emission changeover upon gray-scale level change is 
dispersed as shown in Figs. 1 3 to 1 5, the double peak 
arrangement reduces false contour Thus, a display ap- 
paratus which displays a higher-quality moving image 
35 can be realized. 

[0079] Fig. 21 shows a subfield arrangement using 
eight subfields SFO to SF7 for display in 64 level repre- 
sentation. In this arrangement, with respect to 6-bit (64 
levels) natural binary light emitting weights 32, 16, 8, 4, 
40 2 and 1 , the upper two subfields with the light emitting 
weights 32 and 16 are combined and divided by 4 
((32+1 6)/4 = 12). Accordingly, the subfields with the 
maximum light emitting luminance are SF1, SF2, SF5 
and SF6. Different from the arrangements in Figs. 19 
45 and 20. the arrangement in Fig. 21 has four subfields 
with the maximum light emitting luminance. This ar- 
rangement obtains "double-peak" light-emission distri- 
bution as shown in Fig. 1 8 by two pairs of adjacent sub- 
fields. Further, the inten/al between the two light emis- 
50 sion centers, i.e., the center of emission by the subfields 
SF1 and SF2 and the center of emission by the subfields 
SF5 and SF6, is substantially 1/2 of one field. 
[0080] Fig. 22 shows a subfield arrangement using 
ten subfields SFO to SF9 for display in 64 level repre- 
ss sentation. In this arrangement, with respect to 6-bit (64 
levels) natural binary light emitting weights 32, 16, 8, 4. 
2 and 1 , the upper subfield with the maximum light emit- 
ting weight 32 is divided into three subfields, and the 
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subfields with the light emitting weights 16 and 8 are 
divided into two subfields. That is, the subfields SF2 
(weight = 14), SF5 (weight = 4) and SF7 (weight = 14) 
are obtained from the subfield with the light emitting 
weight 32 (14 + 4 + 14 = 32). The subfields SF1 and s 
SF6 are respectively allotted a light emitting weight 8 
which is 1/2 of the light emitting weight 16. The subfields 
SF3 and SF8 are respectively allotted a tight emitting 
weight 4 which is 1/2 of the light emitting weight 8. Fur- 
ther, the interval between the light emission peak in the fo 
subfield SF2 and that in the subfield SF7 is substantially 
1/2 of one field. In this nnanner, subfields with light emit- 
ting weights which are not powers of 2 are formed by 
dividing a subfield into three subfields. This arrange- 
ment disperses false contour interference, due to light 
emission changeover In subfields at around a gray scale 
level which is a power of 2, at other gray scale levels. 
[0081] In the subfield arrangements In Fig. 19 to 22, 
the subfields with high light emitting luminance, posi- 
tioned corresponding to the centers of the two light emis- 20 
sion peaks In one field period, aredivided into plural sub- 
fields. For example, in the arrangement in Fig. 1 9. the 
subfields SF1 to SF3 for the first peak and the subfields 
SF6 to SF8 for the second peak are obtained by dividing 
the three upper bits with natural binary light emitting 2S 
weights (32, 16 and 8) by 2. This means that rough gra- 
dation representation by 8 gray scale levels is made by 
display In a twice field frequency. This effectively reduc- 
es flicker and false contour. 

[0082] The subfield arrangements In Figs. 19 to 22 30 
mainly show the arrangements of light emitting weights. 
Actually, in light emissbn, address processing, initiali- 
zation of light emitting devices and the like are per- 
formed. In consideration of these additional signals, the 
subfield arrangement is made such that the Interval be- 3S 
tween two subfields for the light emission peaks (the in- 
ten^al from the first center of light emlssk^n to the second 
center of light emissbn) is substantially 1/2 of one field. 
Some systems require a period for address processing, 
initialization of the light emitting devices and the like 40 
longer than a period for light-emission holding pulses to 
determine light emitting weights. In these systems, 1 is 
subtracted from 1/2 of the total number of subfields. and 
subfields in the obtained number are inserted between 
two subfields with the maximum light emitting lumi- 45 
nance. More specifically, in case of ten subfields, four 
subfields are inserted between the two subfields with the 
maximum light emitting luminance; an In case of eight 
subfields, three subfields are inserted between the two 
subfields with the maximum light emitting luminance. If so 
the total number of subfields is an odd number, a blank- 
ing period corresponding to one subfield is added, and 
one subfield with light emitting weight 0 is added to the 
total number of subfields, then the resulting even total 
number of subfields is processed. Otherwise, without ss 
adding the blanking period, 1 is added to the total 
number of subfields, and subfields in a number obtained 
by subtracting 1 from 1 /2 of the total number of subfields 
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are arranged between the subfields with the maximum 
light emitting luminance. At this time, by selecting sub- 
fields with low light emitting luminance so as to be ar- 
ranged between the subfields with the maximum light 
emitting luminance, the light emission interval between 
the two subfields with the maximum light emitting lumi- 
nance can be close to 1/2 of one field. Further, it may 
be arranged such that the Interval between the two sub- 
fields with the maximum light emitting luminance is 1/2 
of one field by these methods and by controlling a blank- 
ing period for light emission ofi status. Note that tight 
emission can be concentrated by inserting the blanking 
between one adjacent fields (end or head of each field). 
This reduces degradation of resolution and false con- 
tour interference in a moving image. 
[0083] Note that the subfield arrangements are not 
limited to the above arrangements but any arrangement 
may be employed so long as It provides doublespeak 
light emission distribution in one field period and the In- 
terval between the light emission peaks is 1/2 of the 
field, as shown in Figs. 18A and 18B. For example, in 
the arrangement in Fig. 19. even if the subfields SFO to 
SF8 are reversed, or the subfields SF1, SF8 are re- 
placed with the subfields SF6, SF8, the same advantage 
can be obtained. 

[0084] As described above, flicker and false contour 
interference can be further reduced by the double-peak 
light-emission type subfield arrangement utilizing the 
feature of the single-peak angular light -emission type 
subfield arrangement as shown in Fig. 11. Further, by 
arranging such that time response characteristics of R 
(red) light emitting device and G (green) light emitting 
device are substantially equal to each other as in the 
double-peak light-emission type subfield arrangements, 
a high-quality moving image can be displayed with re- 
duced interference such as color fringing at moving im- 
age edges. 

[0085] Note that the double-peak light-emission type 
subfield arrangements as shown in Figs. 19 to 22 re- 
spectively have two light emission peaks by dividing an 
upper subfield with high light emitting luminance into a 
plurality of subfields. Accordingly, the number of sub- 
fields is greater than the necessary least number of sub- 
fields for gradation representation (e.g.. 6 subfields for 
64 level representation). If the resolution is high but the 
total number of subfields is small, the single-peak angu- 
lar light-emission type subfield arrangement may be em- 
ployed, while If the resolution is relatively low but the 
total number of subfields is large, the double-peak light- 
emission type subfield arrangement may be employed. 
[0086] As it is apparent from the above description, 
the advantages provided by the present invention are 
as follows. 

(1 ) As the light emitting response characteristics of 
R and G light emitting cells are substantially equal 
to each other, the degradation of image quality by 
e.g. color fringing at moving image edge portions is 
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reduced. Thus, a color image display apparatus 
which displays a high-quality moving Image can be 
realized. 

(2) As the array of light emitting weights for subfields 

is arranged to obtain angular light-emission distri- s 
button where light emission concentrates at the 
center of the field, the degradation of image quality 
in moving image display is reduced. Thus, a color 
image display apparatus which displays a high> 
quality moving image can be realized. io 

(3) As the light emitting response characteristics of 
R and G light emitting cells are substantially equal 
to each other, and the array of light emitting weights 
for subfields is arranged to obtain angular light- 
emission distribution where light emission concen- is 
trates at the center of the field, a color image display 
apparatus with an excellent dynamic resolution 
characteristic, which displays a high-quality moving 
image with reduced color fringing at moving image 
edge portions, can be i^ealized. 

(4) The array of light emitting weights for subfields 
IS arranged to obtain angular light-emission distri- 
bution where light emission concentrates at the 
center of the field, and "light emission changeover" 
when the gray scale level continuously changes 2S 
does not occur at a specific gray scale level but it 
occurs dispersedly. Accordingly, a high-quality color 
image display apparatus which simultaneously at- 
tains acquisition of excellent dynamic resolution 
characteristic and reduction of false contour inter- 30 
ference can be realized. 

(5) As the array of light emitting weights for subfields 
is arranged to obtain double-peak light-emission 
distribution having two peaks in one field period, 
and inten/al between the two light emitting lumi- 3S 
nance peaks is 1/2 of the fiekJ. flicker and false con- 
tour interference can be reduced. 

(6) As the light emitting response characteristics of 
the R and G light emitting cells are substantially 
equal to each other, and the array of light emitting ^ 
weights for subfields is arranged to obtain double- 
peak light-emission distribution having two peaks in 
one field period, a color image display apparatus 
with an excellent dynamic resolution characteristic, 
which displays a high-quality moving image where ■ 4S 
color fringing at moving image edge portions, can 

be realized, 

[0087] As many apparently widely different embodi- 
ments of the present invention can be made without de- so 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof. The scope of the present inven- 
tion is defined in the appended claims, and various 
changes within the scope of the claims may be resorted 
to without departing from the spirit and scope of the in- 
vention. 



Claims 

1 . A color image display apparatus which supplies red, 
green and blue color video signals to respective red, 
green and blue light emitting cells and perfomns 
color image display, 

wherein time response characteristics of said 
respective light emitting cells have values corre- 
sponding to respective red, green and blue colors. 

2. A color image display apparatus which supplies red, 
green and blue color video signals to respective red, 
green and blue light emitting cells and performs 
color image display, 

wherein assuming that time response charac- 
teristics of said respective light emitting cells have 
values TR, TG and TB, the difference between the 
values TR and TG is less than that between the val- 
ues TR and TB and that between the values TG and 
TB. 

3. A color image display apparatus which divides red, 
green and blue color video signals into a plurality of 
subfields respectively allotted light emitting 
weights, and on/off controls light emission in the re- 
spective subfields for gradation representation, 

wherein assuming that time response charac- 
teristics of light emission by red. green and blue light 
emitting cells have values TR, TG and TB. the dif- 
ference between the values TR and TG is less than 
that between the values TR and TB and that be- 
tween the values TG and TB. 

4. The color image display apparatus according to 
claim 3, wherein assuming that the number of sub- 
fields is M, the number L of gray scale levels repre- 
sentable at each pixel is less than 2^. 

5. The color image display apparatus according to 
claim 4, wherein said subfields are arranged such 
that the light emitting weights are in an array having 
a portion where the light emitting weight gradually 
increases and a portion where the light emitting 
weight gradually decreases. 

& The color image display apparatus according to 
claim 4. wherein said subfields include two sub- 
fields with a maximum light emitting weight, and 
wherein an interval between light emission in said 
two subfields is substantially 1/2 of one fiete). 

7. The color image display apparatus according to 
claim 5, wherein said subfields include a plurality of 
subfields allotted a maximum light emitting weight, 
and a plurality of subfields allotted light emitting 
weights equal to each other 

8. The color image display apparatus according to 
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claim 6, wherein as time response characteristics 
of light emission by said respective light emitting 
cells, at least red and green persistence periods are 
substantially 1/2 of one field or longer. 

9. The color Image display apparatus according to 
claim 7, wherein as time response characteristics 
of light emission by said respective light emitting 
cells, at least red and green persistence periods are 
substantially 1/2 of one field or longer. 

10. The color image display apparatus according to 
claim 4, wherein said subfields include a plurality of 
subfields allotted a maximum light emitting weight, 
and a plurality of subfields allotted light emitting 
weights equal to each other, 

and wherein the plurality of subfields allotted 
the light emitting weights equal to each other are 
separately arranged in a first half and a second half 
in one field. 

11. The color image display apparatus according to 
claim 10, as time response characteristics of light 
emission by said respective light emitting cells, at 
least red and green persistence periods are sub- 
stantially 1/2 of the one field or longer. 

12. A color image display apparatus which divides red, 
green and blue color video signals into a plurality of 
subfields respectively allotted light emitting 
weights, and on/off controls light emission in said 
respective subfields for gradation representation, 

wherein light emitting weights [NJ, [2-N]. 

[3.N] [(K.1).N], [K-N], [(K-1).N], .... [2-N]and[N] 

(K, N: natural numbers) are respectively allotted to 
2-K-1 upper subfields among said plurality of sub- 
fields. 

13. The color image display apparatus according to 
claim 12, wherein said respective upper subfields 
are arranged to have an array portion where the 
light emitting weight gradually increases and an ar- 
ray portion where the light emitting weight gradually 
decreases. 

14. The color image display apparatus according to 
claim 12, comprising: 

first light emitting means for performing light 
emission in said respective subfields in a first 
order; 

second light emitting means for performing light 
emission in said respective subfields in a sec- 
ond order different from said first order; and 
changing means for changing said first and 
second light emission means by a predeter- 
mined period. 



15. The color image display apparatus according to 
claim 14, wherein said period is any of a field unit 
period, a line unit period and a pixel unit period. 

5 16. The color image display apparatus according to 
claim 1 4, wherein said changing means selects light 
emission means in accordance with an arranged 
position of each pixel. 

10 17. The color image display apparatus according to 
claim 16, wherein when pixels are in a checker-flag 
matrix arrangement, said changing means changes 
said light emission means at a white pixel position 
and changes said light emission means at a black 

IS pixel position. 

18. The color image display apparatus according to 
claim 17, wherein said changing means changes 
said first light emission means for light emission at 

20 the white pixel position and said second light emis- 
sion for light emission at the black pixel position. 

19. The color image display apparatus according to 
claim 1 , wherein said color Image display apparatus 

2S js a plasma display. 



20. A color image display method for dividing red, green 
and blue cobr video signals into a plurality of sub- 
fields respectively allotted light emitting weights, 
.and on/off controlling light emission in said respec- 
tive subfietels for gradation representation, 

wherein assuming that time response charac- 
teristics of light emissbn by red, green and blue light 
emitting cells have values TR, TG and TB, the dif- 
ference between the values TR and TG is less than 
that between the values TR and TB and that be- 
tween the values TG and TB, for gradation repre- 
sentation. 



30 



35 



40 



21 . The color image display method according to claim 
20, wherein assuming that the number of subfields 
is M, the number L of gray scale levels representa- 
ble at each pixel is less than 2^^. 



45 22. The color image display method according to claim 
21, wherein said subfields are arranged such that 
the light emitting weights are in an array having por- 
tion where the light emitting weight gradually in- 
creases and a portion where the light emitting 

so weight gradually decreases. 

23. The color image display method according to claim 
21, wherein said subfields include two subfields 
with a maximum light emitting weight, and wherein 

55 an interval between light emission in said two sub- 
fields is substantially 1/2 of one field. 

24. The color image display method according to claim 
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20. wherein light emitting weights [N], [2 N], 

[3.N] [(K-1).N]. [K.N]. [(K-1).N] [2.N]and [N] 

(K, N: natural numbers) are respectively allotted to 
2.K-1 upper subflelds among said plurality of sub- 
fieldsf;.. 
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